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BIOMOLECUL<\R SCIENCE

.

Friday, April 18, l:00-3:15p.m.
Earle Brown Center- 135D
1:00

ADIPOCYTE I.IPID-BINDING PROTEIN: STRUCTIJRAL
COMPONENTS INvOLVED WlTII LIGAND-BINDING
SPECIFICTIY AND AFFINITY

Amy j. Reese-Wagoner, David A. Bemlohr, • and Leonard j.
Banaszak, Department of Biochemistry, University of Minnesota, Minneapolis, MN 55455. (•college of Biological Sciences)
Adipocyte lipid-binding protein, ALBP, belongs to a family of
IO-stranded P-barrel proteins that are involved in the
intracellular transport of fatty acids. Although the amino acid
sequence identity among the intracellular lipid binding
protein family members is in the range of 20%-68%, all family
members with known structures have the same
three-dimensional fold with similar ligand-binding cavities. A
pair of arginine residues and a tyrosine play a role in
defining the binding specificity of ALBP. However these three
residues do not exclusively discriminate lipid types, as they
appear in related proteins that bind different ligands. Subtle
differences· yet unknown must therefore contribute to
specificity and affinity. To investigate the binding
determinants for ALBP, a critical comparison has been made
between ALBP and the cellular retinoic acid-binding protein
type I (CRABP I) using their amino acid sequences and
tertiary structures. Careful inspection of the two proteins
suggests that a set of specific amino acids may contribute to
differentiating between retinoic acid and fatty acids. Leaving
the residues associated with the head group of the lipid
unchanged, we are systematically using structural data and
site-directed mutagenesis to alter binding cavity residues. The
primary objective is to convert the fatty acid specificity of
ALBP to a high affinity retinoic acid site. An available
expression system, small protein size (15 kDa), and high
resolution apo- and holo- x-ray structures make ALBP an
ideal candidate for mutagenesis. Supported by grants to LJB
(GM13925) and DAB (NSF/MCB-9506088).
1:30

IDENTIFICATION OF TIIE NON-SUBSTRATE STEROID
BINDING SITE OF RAT I.IvER GLUTATIIlONE S
TRASFERASE, ISOZVME 1-1, BY TIIE STEROID
AFFINITY LABEL, 3B (IODOACETOXY)DEHYDROISOANDROSTERONE

Joseph]. Barycki, Department of Biochemistry, University of
Minnesota
3b-(Iodoacetoxy)dehydroisoandrosterone (3b-IDA), an
analogue of the electrophilic substrate, D5-androstene3,17-dione, as well as an analogue of several other steroid
inhibitors of glutathione S-transferase, was tested as an
affinity label of rat liver glutathione S-transferase, isozyme
1-1. A time-dependent loss of enzyme activity is observed
upon incubation of 3b-IDA with the enzyme. The rate of
enzyme inactivation exhibits a nonlinear dependence on
3b-IDA concentration' yielding an apparent Ki of 21 mM.
Upon complete inactivation of the enzyme, a reagent
incorporation of approximately 1 mo! / mol of enzyme
subunit or 2 mol / mo! of enzyme dimer is observed.
Protection against inactivation and incorporation is afforded
by alkyl glutathione derivatives and non-substrate steroid
ligands such as 17b-estradiol-3,17disulfate but, surprisingly,
not by D5-androstene-3,17-dione or any other electrophilic
substrate analogues tested. These results suggest that the site
of reaction is within the non-substrate steroid binding site of
the enzyme, which is distinguishable from the electrophilic
substrate binding site' near the active site of the enzyme.
Two cysteine residues, Cys17 and Cyslll, are modified in
nearly equal amounts, despite an average reagent
incorporation of 1 mo! / mo! enzyme subunit. Isolation of
enzyme subunits indicates the presence of unmodified,
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singly-labeled, and doubly-labeled subunits, consistent with
mutually exclusive modification of cysteine residues across
enzyme subunits; i.e. modification of Cyslll on subunit A
prevents modification of Cyslll on subunit B, and similarly
for Cys17. Molecular modeling analysis suggests that Cys17
and Cysl 11 are located in the non-substrate steroid binding
site, within the cleft between the subunits of the dimeric
enzyme.

1:55

CllARACfERIZATION OF A RED BEET PROTEIN
HOMOLOGOUS TO THE ESSENTIAL VMA6P SUBUNIT OF
THE YEAST V-ATPASE

Cynthia M. Bauerle, Department of Biology, Hamline
University, 1536 Hewitt Ave., St. Paul, MN 55104.
V-type proton-transloca ting ATP as es (V-ATPases) are
electrogenic proton pumps involved in acidification of
endomembrane compartments in all eukaryotic cells. In plant
cells, V-ATPase operates in conjunction with a
proton-translocating pyrophosphatase to maintain a proton
gradient that supports uptake of ions and basic amino acids
stored in this compartment. V-ATPase is structurally
organized into an integral membrane proton pore sector (VO)
and a peripherally-associated catalytic sector (Vl). The
composition of V-ATPase has been elucidated by combined
biochemical and genetic approaches, revealing that the
holoenzyme consists of 8-12 polypeptide subunits. Several
subunits, including the 70- and 60-kDa catalytic subunits and
17-kDa proteolipid, are functionally and structurally
conserved among all V-ATPase species examined.
Recent reports suggest that V-ATPase activity may be
modulated in part by regulated attachment of Vl particles
from a cytoplasmic pool onto the VO membrane sector. In
yeast, a 36-kDa peripheral V-ATPase subunit, Vma6p, is
required for stable assembly of the VO sector as well as for
Vl attachment. Thus, Vma6p has been hypothesized to play a
role in regulation of V-ATPase assembly. A high degree of
sequence similarity among Vma6p homologues from various
species suggests that this subunit has a conserved role in
V-ATPase function. We report identification of a novel
Vma6p homologue in red beet tonoplast preparations.
Preliminary studies examining the role of this subunit in
V-ATPase regulation in plants will be presented.
2:20
A STRUCTIJRAL ANALYSIS OF £Xs2 CASEIN
Kari Holladay, Belle Plaine High School, Belle Plaine,
Minnesota
Caseins, major proteins in milk, provide our bodies with
calcium and amino acids after proteolysis. This project aims
to determine the secondary structure of <Xsz Casein, and the
effects of phosphorylation. The hypothesis is that
phosphorylation will affect the conformation of a 52 Casein,
which will cause calcium and pH to also affect conformation.
The location of the phosphate groups will also cause trypsin
cleavage points to change. Dephosphorylated <Xsz Casein will
be affected by pH and calcium, but not to the extent that
phosphorylated <Xsz Casein is. Circular dichroism studies
show conformational changes of <Xs 2 Casein caused by
phosphorylation at 205nm and 220nm at _pH 8.0. Calcium
affects the helical region at 220nm and the 11 strand region at
205nm. At pH 5.0 and pH 5.5, phosphorylated and
dephosphorylated <Xsz Casein both aggregate. Circular
dichroism studies of the effects of trypsin cleravage showed
that a helical regions are cleaved first, followed by P strand
regions: Gel filtration chromatography showed phosphorylated <Xsz Casein is cleaved into smaller pieces than
dephosphorylated <Xsz Casein. Based on these experiments,
phosphorylation, calcium, and pH effect the structure of a 52
Casein, and control the proteolysis of this protein. This
information is the basis for further studies which may
improve the processing of cheese involving degradation of
caseins, as well as the quality of other milk products. It may
also contribute to our understanding of the physiological role
of biomedical peptides.
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2:40 - 3:00 BREAK
3:00

PROLIFERATION-DEPENDENT CHANGES IN
REGENERATING LlvER

Jennifer L. Cruise, Ph.D., Associate Professor of Biology,
University of St. Tbomas St. Paul, MN 55105
Our lab is currently investigating mammalian somatic gene
regulation in two areas: the Rap family of sma9ll GTP-binding
proteins, and genes involved in homologous DNA recombination. In both cases, expression is influenced by cell cycling.
Rap! proteins compete with Ras p21 for binding to
effectors, and antagonize some Ras-induced effects, but their
participation in normal growth regulation has not been
established. Rap! protein and the expression of the raplA
gene, examined by immunoblotting and Northern analysis
during the regenerative growth response in rat liver following
partial hepatectomy, were significantly down-regulated prior
to and during the onset of DNA synthesis. This timing is
consistent with a model in which expression of Rap! is
turned off or down to allow the initiation of proliferation
Homologous recombination, long associated with the
genetic exchanges of meiotic synapsis, may also be a
conserved DNA repair mechanism. Genes and enzymes of
homologous recombination (HR) have been characterized in
bacteria and in yeasts. Normal mammalian fibroblasts show
very low levels of HR activity, while many transformed cell
lines promote high levels of HRT. We have found that
dramatic HR activity appears in liver nuclear extracts during
regeneration. Although HR activity has been identified in
nuclear extracts from transformed cells and from tissues that
are sites of meiosis or VD(J) gene rearrangement, the
induction of HR activity in regenerating liver represents the
first report of regulated expression of this activity in a normal
adult somatic tissue.
3:25

IN VITRO ANALYSIS OF B16 MOUSE MELANOMA
CULTURED WITH ISOLATED LUNG ENDOTHELIAL CELLS

William Heidecamp, Biology Department, Gustavus Adolphus
College, St Peter, MN 56082
Techniques have recently been developed to isolate
endothelial cells from mouse lung. These cells offer an
opportunity to revisit earlier work on melanoma metastasis
with specific focus on the extra cellular matrix (ECM)
proteins and their interaction. Previous studies were
performed by i.v. injection of a large number (106) of cells
into a host and subsequent analysis of tumors .after 2-4
weeks. This procedure does not allow for direct observation
of the adhesion events which are believed to be an
interaction between the ECM of the melanoma cell and the
endothelial lining of the lung. The lung is the primary site of
metastasis and a preferred colonization tissue. Attempts to tag
the melanoma cells have met with varying degrees of
success, but still do not allow for early detection of adhesion
events. In vitro analysis of cell adhesion allows for study of
the protein structures, but does not account for cell-cell
contacts. The use of lung endothelial cultures presents an
intermediate between the in vitro and in vivo analysis of
adhesion and tissue selection.

Saturday, April 19, 9:00 a.m. - 4:45 p.m.
Earle Brown Center- 135D
9:05

FRONTIERS IN THE BRAIN: TRANSPORT AT THE
BLOOD-BRAIN BARRIER

Lester R. Drewes, Biochemistry and Molecular Biology,
University ofMinnesota, Duluth, MN
During past decades, the cerebral vasculature and its role as
a barrier to blood-borne constituents has been an active area
of investigation from an anatomical and physiological point
of view. However, only now are scientists poised to answer
key questions about the blood-brain barrier and the
macromolecules responsible for transport and the
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mechanisms that signal transporter expression in a cell and
temporal specific manner. Fundamental questions include:
What membrane proteins are responsible for transport of
specific substrates? What are the molecular signals that cause
glucose transporter gene expression to be 20 to 100 times
greater in brain endothelial cells in vivo than in vitro? What
mechanisms regulate endothelial cell expression of lactate
transporters during development and fasting?. What roles do
pericytes, smooth muscle cells and basement membrane have
in establishing or maintaining blood-brain transport
characteristics? Do hormones or neuromodulators regulate
transport expression? Can prodrugs or pharmacologic agents
be designed as substrate analogs and be delivered to the
central nervous system via existing transporters? Can vascular
cells be genetically engineered and introduced into the brain
to create new functions or to modify existing barrier-specific
properties? How do cells of the immune system interact with
cells of the brain vascular system? Is junctional integrity
between endothelial cells regulated by receptor-mediated
signals? What are the signaling mechanisms for capillary tube
formation and angiogenesis? An important challenge
beneficial to human health during the next decade will be to
answer these and other provocative questions.
RECIPROCATING SUBUNITS: MYTH OR MAGIC
Ellis Bell and Jessica Bell, Biochemistry Program, Gustavus
Adolphus College, St Peter MN 56082 & Biochemistry
Department, University ofMinnesota, Minneapolis, MN
9:50

A number of oligomeric enzymes, including glutamate
dehydrogenase, malate dehydrogenase, 3-phosphoglycerate
dehydrogenase and fumarase, exhibit initial rate kinetic and
substrate binding properties which suggest that interactions
between subunits in the overall oligomer play a crucial role
in either the normal catalytic activity, or the allosteric
regulation [or both) exhibited by these enzymes. Reversible
denaturation studies indicate the existence of stable
intermediates in the oligomerization pathways, as predicted
from the three dimensional structures of three of the proteins.
In the case of glutamate dehydrogenase similar studies have
been used to demonstrate ligand effects on subunit subunit
interactions. Substrate activation observed in initial rate
kinetics is shown, using either alternate substrates [glutamate
dehydrogenase) or site directed mutants [fumarasel, to be the
result of active site-active site interactions with glutamate
dehydrogenase, but the result of second site-active site
interactions with fumarase. Kinetic studies in the presence of
denaturants leading to trimer formation, or with
heterohexamers containing three active sites and three
inactive sites demonstrate with glutamate dehydrogenase the
essential role of subunit reciprocation in normal catalytic
activity. With glutamate dehydrogenase, V-type allosteric
regulation of the enzyme by zinc also appears to involve this
subunit reciprocation.
10:30 BREAK
11:30

RESISTANCE OF HUMAN CYTOMEGALOVIRUS (CMV)
TO ANTIVIRALS

Alejo Erice, M.D., University ofMinnesota Medical School
CMV is a major pathogen among immunocompromised
patients, especially recipients of bone marrow and
solid-organ transplants and patients with the acquired
immunodeficiency syndrome (AIDS). Antivirals currently
licensed for the treatment of CMV infections include
ganciclovir (GCV), foscarnet (FOS), and cidofovir (HPMPC).
GCV is a nucleoside derivative that must be phosphorylated
to GCV triphosphate (GCVppp) to exert its antiviral activity.
The CMV UL97 gene encodes for a protein kinase that
phosphorylates GVC to GCVp, with cellular kinases being
responsible for further phosphorylation of the compound.
GCVppp functions both as an inhibitor of and as a faulty
substrate for CMV DNA polymerase (pol). FOS is a
pyrophosphate
analogue
that
reversibly
and
noncompetitively·inhibits the activity of the CMV pol. HPMPC
is a nucleoside phosphonate analogue that must be
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phqsphorylated to HPMPCpp by cellular enzymes. HPMPCpp
is a selective inhibitor and a faulty substrate for the CMV pol.
In patients with AIDS and CMV disease, prolonged antiviral
therapy is often necessary. A potential risk associated with
prolonged use of antiviral compounds is emergence of
resistant viruses. Studies by our group and by other
investigators have demonstrated that resistant CMV strains
emerge in the clinic. GCV-resistant CMV isolates may contain
UL97 mutations and/or pol mutations. The functional consequence of UL97 mutations is an impaired phosphorylation
of GCV in virus-infected cells, with the consequent lack of
synthesis of GCVppp, the active form of the drug. Resistance
to FOS and HPMPC is associated with single amino acid
substitutions in conserved regions of pol. Some of these pol
mutants are cross-resistant to GCV, HPMPC and/or FOS. How
pol mutations modify the function of the enzyme is not
known but it has been postulated that they could influence its
nucleotide binding capacity or its exonuclease function.
Additional studies are needed to fully characterize the
genetics of resistance of CMV to antivirals, to determine the
importance of individual mutations by assessing their effect
on the viral phenotype and in the function of the viral
proteins, and to develop rapid and reliable methods for a
timely detection of resistant CMV strains in clinical specimens.

2:00

RECEPTOR TYROSINE :KlNASES AND lHEIR ROLE IN
ONCOGENESIS

Nita] Maible, Mayo Cancer Center, Rochester, MN 55905
We previously have shown that specific mutations in the
carboxy-terminus of the c-erBl gene regulate the tissue
specific transforming potential of the growth factor receptor
encoded by this proto-oncogene. Specifically, we have shown
that a single growth factor receptor can act as an oncogene in
three different cell types, i.e., fibroblasts, erythroblasts, and
endothelia·l cells, when the appropriate mutations are
introduced. These results have led us to perform a series of
structure/function experiments designed to understand the
molecular and cellular basis of tissue specific transformation
by c-erBl. In our most recent studies we have identified a
tyrosine phosphorylated complex of proteins that associate in
a transformation-specific manner in fibroblasts transformed by
the viral oncogene, v-erB. We have identified five proteins in
this complex, including one protein which normally functions
to regulate cell rounding prior to cell division by controlling
actin-based stress fiber disassembly. Interestingly, this novel
actin associated regulatory protein also becomes tyrosine
phosphorylated in a transformation-specific manner. These
results suggest that aberrant tyrosine phosphorylation of this
regulatory protein may phenocopy a normal cdc2 mediated
serine/threonine cell cycle regulatory step, resulting in the
disruption of actin-based stress fibers in tyrosine kinase
transformed cells. This tyrosine kinase mediated deregulation
of stress fiber disassembly could therefore be the mechanism
responsible for the constitutive anchorage-independent
growth associated with transformation and tumorigenicity.,
The results of these studies, and their relevance to general
mechanisms of oncogenesis by tyrosine kineses will be
discussed.

2:45

APPLICATIONS OF GENETIC ENGINEERING TO CROP
IMPROVEMENT: THE FIRST HARVEST

Dave Somers, Department of Agronomy and Plant Genetics,
University of Minnesota, 411 Borlaug Hall, 1991 Buford
Circle, St. Paul MN 55108
Last year, 1996, was the first cropping season in which
genetically engineered corn and soybeans were produced on
a commercial scale in the U.S. The history, current status and
future applications of plant genetic engineering in relation to
crop improvement will be presented. Specific examples will
include improved oat plants and production of biodegradable
plastics in plants. Implications and issues concerning
agriculture and society will be discussed.
3:30BREAK
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4:15

STRUCTURAL STUDIES OF STAPHYLOCOCCAL
SUPERANTIGENS

Douglas Oblendoif, Department of Biochemistry, University of
Minnesota
Superantigens are molecules that stimulate, independent of
antigen, those T-cells displaying a particular beta chain
variable region (Vbeta) of the T-cell receptor. These
molecules are the most powerful T-cell mitogens known
inducing biological effects at femtomolar concentrations,
Recently it has been demonstrated that superantigens possess
biological properties, e.g., lethality and emesis, which are
separable from their T-cell mitogenicity, Studies have
implicated superantigens in such diseases as food poisoning,
toxic shock syndrome, scarlet and rheumatic fever, arthritis,
multiple sclerosis, diabetes, sudden infant death syndrome,
Kawasaki syndrome (a leading cause of acquired heart
defects), and AIDS.
The best characterized superantigens are the microbial
toxins from Staphylococcus aureus and Streptococcus
pyogenes. The S. aureus toxin toxic shock syndrome toxin-I
(TSST-1) is the principal causative agent in toxic shock
syndrome. We have determined the three dimensional
structure of native TSST-1 in three crystal forms and of several
mutants with interesting_ biological properties, such as
reduced superantigenicity ·or lethality. Exfoliative toxin A
(ETA), a nonlethal superantigen from S. aureus, is the
causative agent for staphylococcal scalded skin syndrome.
The structure of ETA reveals it to have a fold unlike the other
microbial superantigens and but like the serine proteases. The
results of these structural analyses will be discussed in the
context of biological function.

SURFACE WATER/GROUND INTERACTIONS:
IMPACTS ON WATER QUALITY
. Friday, April 18, 1:00 - 4:05 p.m.
Earle Brown Center 135A

1:05

RESULTS FROM A lHREE-YEAR STUDY OF DEPRESSION
FOCUSED GROUND WATER RECHARGE IN SOUlHERN
MINNESOTA

B.N. Wilson, and A.M Gruber, ].L. Nieber, and B. Hansen,
Depts. of Biosystems and Agricultural Engineering, University
ofMinnesota, 1390 Eckles Avenue, St. Paul, MN 55108
In the moraine landscapes of the north-central United States,
contaminants are frequently transported via surface runoff
into natural surface depressions. The groundwater recharge
and the potential for groundwater contamination in these low
areas is greater than in the surrounding upland areas. This
presentation will summarize results of a three-year study of
depression focused recharge in southern Minnesota. A water
balance method using rainfall, runoff, evapotranspiration,
pond storage, and soil moisture was used to determine the
amount of recharge in these areas. Results from this site
show an annual recharge depth of 4.3 inches in the
depression, minimal recharge in the surrounding upland
wooded areas, and 2.0 inches in the adjacent, slightly sloped
agricultural area.

1:25

NUTRIENT MOVEMENT FOLLOWING WINTER
WASTEWATER APPLICATION ON A SANDY GLACIAL
OU1WASH SOIL

P. S. Conklin, C.]. Rosen, S. C. Gupta and M. Errebbi, Department of Soil, Water, and Climate, University of Minnesota, St.
Paul
The Lamb-Weston Midwest/RDO Frozen Company potato
processing facility in Park Rapids, MN has recently expanded
its processing capacity, resulting in an increase in wastewater
generation. In the past, all wastewater was applied to fields
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during the growing season. With the expanded capacity,
winter wastewater application was proposed. A study is
under way to develop environmentally sound management
practices for this winter irrigation. Specifically, this paper
deals with quantifying the leaching of wastewater nitrogen
and phosphorus following land application during the winter.
The study site has five center pivot irrigation areas, each
testing the effects of a different crop. The experiment
involved setting up 34 lysimeters, 30 in irrigation areas and
four in control areas, to monitor leachate volume and the
nutrient concentration. In two additional areas (upland and
depression), thermocouples and time domain reflectometry
TDR) probes were installed at various depths to measure soil
temperature and liquid water contents every hour. In these
two areas, neutron probe readings of total water content are
also taken biweekly. Measurements of total water content,
liquid water content, and porosity are used to calculate the
ice content and air-filled porosity of the soil. In this
presentation, we will discuss the design and installation of
the undisturbed drainage lysimeters, preliminary data on
wintertime water movement and the accompanying nutrient
transport following wastewater application to initially frozen
soils.

1:45

MOVEMENT OF WATER AND SOLUTES BETWEEN TIIE
ROCK RIVER AND AN ALLUVIAL VALLEY AQUIFER,
SOUTHWESTERN MINNESOTA

M.K. Landon and Rj. Lindgren, U.S. Geological Suroey, 2280
Woodale Drive, Mounds View, MN 55112 Tel: 612-783-3100,
Email: landon@usgs.gov, lindgren@usgs.gov
Increased demand for ground water in southwestern
Minnesota has resulted in increased withdrawals from
surficial aquifers. One of the largest and most productive of
these aquifers, in the Rock River valley, is the water source
for the city of Luverne and the Rock County Rural Water
District. The sand and gravel, alluvial valley aquifer is 0.5 to 2
miles wide and has an average saturated thickness of 21 feet.
Ground-water flow in the aquifer is integrally linked to flow
in the Rock River. A study was begun in 1995 to determine,
under current and anticipated conditions: 1) the contributing
areas of ground-water flow to well-fields, 2) the effects of
induced infiltration from the river on the quality of water
from pumping wells, and 3) reductions in streamflow as a
result of ground-water withdrawals. Results from streamflow
measurements during low-flow conditions, comparison of
ground-water and surface-water elevations, and minipiezometer measurements indicate that the Rock River- is a
gaining stream in most reaches, but is losing water to the
aquifer in the vicinity of well fields. However, losses in the
vicinity of well fields were about 0.3 to 2.0 cubic feet per
second (ft3/s), in comparison to a median flow of 124 ft 3/s in
the Rock River at Luverne during October 1995 through
September 1996. Thus, losses are small in comparison to
typical streamflow and are likely to have a significant effect
on streamflow only during extreme low-flow conditions of
less than 10 ft'/s. Water-quality data from 1989-95 indicate
that the herbicides atrazine, alachlor, acetachlor, metolachlor,
and cyanazine, and herbicide metabolites de-ethylatrazine,
de-isopropylatrazine, and alachlor ESA occur in
concentrations of 0.05 to 11.5 micrograms per liter (µg/L) in
the Rock River at Luverne during major runoff events
following application of herbicides in the spring. Results of
sampling of the river and ground water during 1995-96
indicate that atrazine and metabolites and alachlor ESA were
detected at concentrations of 0.05 to 1.6 µg/L in pumping
wells and that the Rock River is the major source of the
herbicides. Preliminary mixing calculations using oxygen and
hydrogen isotopes and other constituents indicate that water
from pumping wells near the river consists of approximately
25 to 40 percent water that came from the river.

2:05

HYDROLOGY AND GEOCHEMISTRY OF BLUE
MYSTERY CAVE, MINNESOTA

LAKE,

Roy A. Jameson and E. Calvin Alexander, Jr., University of
Minnesota, Geology & Geophysics Department, 310 Pillsbury
Dr. SE, Minneapolis, MN 55455.
Mystery Cave, the largest known cave in Minnesota, is
located in Forestville State Park in Fillmore County. Blue
Lake in Mystery II is the largest pool in the cave. The water
level in Blue Lake fluctuates over a range of about 10 feet.
The lake fills to overflowing during recharge events related to
snow melt or rain storms. The time-scale of filling is a few
days to weeks. Between recharge events, on a time-scale of
several months, the lake slowly drains until it is nearly
empty. Data loggers have been used to obtain continuous
records of the stage, temperature, and conductivity during
these water level fluctuations. Monthly grab samples of the
water have been analyzed for major cations and anions.
In the 1960s shortly after its discovery, Blue Lake was
extensively modified during the installation of trails for
commercial cave tours. A restoration effort by the DNR is
currently restoring Blue Lake to its original size and
configuration. It would be useful to re-monitor the Lake's
level and geochemistry after the restoration is completed to
evaluate the changes caused by the original
commercialization.
2:25 BREAK

2:45

IMPACT OF 1Il.LAGE AND TIMING OF MANURE
APPUCATION ON NITRATE LEACIDNG IN KARST
TERRAINS OF THE UPPER MIDWEST

S.C. Gupta, E. Munyankusi, N.C. Wo//enhaupt, j.F. Moncrief,
U.B. Singh, and A. Bosworth, University of Minnesota, St.
Paul, MN and University of Wisconsin, Madison.
In the upper Midwest along the Mississippi river, dairy is a
major farming enterprise and as a result manure application
to land is a common practice. In this region, the soils are
relatively shallow and overlie the fractured dolomitic and
calcitic bedrock. Over time the bedrock dissolves and leads
to the formation of sinkholes. There is concern that nutrients
from manure may be finding its way to the bedrock and then
to the aquifer through the shallow overlying soil. One of the
pathways suggested to the top of bed rock is through
burrows formed by earthworms. This paper presents the
results of a study at the University of Wisconsin, Southwest
Agricultural Experiment Station at Lancaster, WI on the
impacts of tillage and timing of manure application on nitrate
losses through soil developed in loess overlying fractured
limestone. Daily, scrape and haul dairy manure applied either
in the fall (before snow) or winter (after snow) is compared
to no manure under two tillage systems (no-till and fall chisel
plowing). Corn is grown following corn. Nitrate concentration and water volume are determined from pan and wick
samplers installed at 0.6 and 1.2 m depths. The data show
that in general nitrate concentration in soil water are higher
with fall and winter applied manure compared to no manure
plots, higher under the chisel plow system compared to notill conditions, and higher under fall applied compared to
winter applied manure. The amount of water collected in pan
samplers at 0.6 m depth varied from 4.5 to 6.9 cm for a
cumulative rainfall of 17.4 cm during 1994. These results
suggest that substantial transport of water and nutrients may
be occurring_ through the soils of the karst region due to the
presence of earthworm burrows, decaying root channels and
interpedal voids.

3:05

CHANGES IN NITRATE CONCENTRATIONS IN A SURFICIAL AQUIFER BETWEEN UPLAND RECHARGE AND
STREAM DISCHARGE, NORTHWESTERN MINNEsOTA

T. Cowdery and]. Stoner, U.S. Geological survey, 2280
WoodaleDrive, Mounds View, MN 55112
An 8.3 kilometer reach of the Otter Tail River in west-central
Minnesota, which receives discharge from a surficial aquifer
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of glacial sand and gravel, was used to study the fate of
nitrogen in ground water during the summers of 1994 and
1995. The study coincided with the terminus of a flow-path
study site where nests of wells were installed along a transect
leading to the river. The 5-kilometer flow path parallels local
ground-water flow beneath adjacent agricultural land and
terminates at a riparian wetland. During winter, this reach of
the Otter Tail River gained 0.42 cubic meter per second, a 20
percent increase. During summer, no gain in streamflow was
evident, probably because of losses to riparian
evapotranspiration. Vertical hydraulic-head difference across
the upper 0.5 meter (m) of sandy streambed ranged from
0.04 to 0.10 m and indicated consistently upward flow.
Nitrate concentrations in ground water samples collected
along the flow path and adjacent to the river have seasonally
exceeded 10 milligrams per liter (mg/L) as nitrogen,
indicating an agricultural source. Along the ground-water
flow path from the shallow well nearest the stream to
sampling ports beneath the wetland and sandy streambed,
dissolved oxygen concentrations were relatively small, and
nitrate-nitrogen concentrations declined from about 10 mg/L
to below detection near the stream. Nitrate concentrations
measured during 1993-94 in the Otter Tail River downstream
from the ground-water inflow ranged from below detection
(0.05 mg/L) to 0.65 mg/L. These trends and direct evidence
from excess nitrogen gas measured in the ground water
indicate that denitrification occurred in a thin zone of the
alluvial aquifer. Ground-water age dating by chlorofluorocarbons also suggests that older ground water from deeper
parts of the aquifer effectively dilutes the nitrate-rich ground
water from shallow depths as these different ground waters
merge near the river.
3:25

EFFECTS OF AQUIFER REACTIONS AND VARYING LAND
USE ON NITRATE CONTAMINATION OF GROUND WATER
NEAR PRINCETON, MINNEsoTA

j.K. Bohlke, R.B. Wanty, M.L. Tuttle, G.N. De/in, and M.K.
Landon, U.S. Geological suroey, 2280 Woodale Drive, Mounds
View, MN 55112

Recharge rates of nitrate (No 3-) to ground water beneath
agricultural lands commonly are much greater than discharge
rates of No 3- to nearby streams. Because ground-water
residence times may be in the same order of magnitude as
time scales for some major changes in agricultural practices,
it is not always evident whether those No 3- imbalances are
entirely transient (because discharging waters are old and
never had much N) or more stable (because No 3- is removed
from ground water by reactions in the aquifer). We have
combined ground-water dating with chemical and stableisotope analyses in an effort to resolve the relative effects of
input history and aquifer reaction on the distribution of No 3along a 2-dimensional transect parallel to flow leading from
cultivated fields to a wetland and stream at the agricultural
Management Systems Evaluation Area near Princeton,
Minnesota.
Ground-water dating by tritium and chlorofluorocarbons
(CCL 2 F2) indicates that travel times in the surficial aquifer
from recharge to discharge are years to decades long.
Observed decrease in No 3- concentrations with ground-water
age are partly the result of spatial and temporal variations in
land use that caused the younger waters under the cultivated
fields to be recharged with the highest NO3- concentrations.
Those input changes also resulted in ~ negative correlation
between NO - concentrations and 0 1'[NO 3-1 values in the
absence of denitrification. N2 and Ar concentrations and
ol5[No 3-J values indicate that partial to complete
denitrification does occur along some of the flow paths.
Beneath the cultivated fields, denitrification has affected
mainly waters that are relatively old and had low initial NO 3
concentrations. Beneath the wetland, denitrification has
affected some younger waters that had high initial No 3concentrations.
Preliminary results indicate that a transient configuration
of agricultural contamination may be superimposed upon a
relatively stable configuration of reducing substrates within
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the surficial aquifer. Thus, ground waters currently
discharging to the stream have relatively low No 3concentrations for at least 2 reasons: (1) some are relatively
old and never had much No 3-, and (2) some have been
denitrified. The stability and efficiency of the denitrification
boundary will largely determine the effect of recent increases
in the No3- recharge rate on future discharge rates.
3:45

CARBON-14 AGE DATING CALCUIATIONS FOR
MINNESOTA GROUND WATERS

S.C. Alexander and E.C. Alexander, Jr., University of
Minnesota, Geology & Geophysics Department, 310 Pillsbury
Dr. SE, Minneapolis, MN 55455.
Carbon-14 age studies on the dissolved inorganic carbon
(DIC) in Minnesota ground waters are an increasingly
common tool used by researchers and resource managers.
The fundamental problem in the age calculation is the source
of each individual water's DIC. Beyond the usual
measurement of 14c and d 13C, three additional pieces of data
improve the reliability of the age calculation, 1) a relatively
complete cation and anion analysis, 2) an enriched tritium
analysis and 3) a detailed the understanding of the sample's
hydrogeology. The age can never be more reliable than the
geochemical model used to calculate it.
We will discuss four geochemical models that have proven
useful in interpreting 14C data from Minnesota ground
waters: 1) a simple carbonate dissolution model, 2) silicate
weathering and ion-exchange, 3) gypsum dissolution and 4)
sulfate reduction and methanogenesis. Selecting an
appropriate model requires chemical and hydrologic
knowledge specific to the study area. Indicators of
applicability are outlined for each model with examples
demonstrating the calculations.

WOUND REPAIR, REGENERATION Al"l'D
TISSUE ENGINEERING

Saturday, April 19, 9:00 a.m. -3:00 p.m.
Earle Brown Center- 135C
9:00

ARE TIIE

INFLAMMATORY AND IMMUNE RESPONSES
MODUIATORS OF REGENERATION?

Raymond E. Sicard, Center for Wound Healing and
Reparative Medicine, University of Minnesota, Minneapolis,
MN55455
The relationship between the inflammatory and immune
responses triggered by injury and the nature of the ensuing
resolution to tissue damage are poorly defined. A classical
acute inflammatory infiltrate is not observed during fetal
wound repair that produces a regeneration-like response in
mammals; however, a typical acute inflammatory infiltrate
accompanies the initial phase of epimorphic regeneration of
adult amphibian limbs. Manipulation of adult newts by
several immunomodulators (e.g., thymic extract fractions that
stimulate expression of helper or suppressor functions by
murine lymphocytes) profoundly affect the progress and
quality of regeneration following amputation. In addition, a
transient period of apparent immunosuppression is
encountered during limb regeneration but not other forms of
injury to limb tissues. Specifically, splenocyte responsiveness
to concanavalin A and phytohemagglutinin, but not bacterial
lipopolysaccharide, is markedly diminished (about half basal)
shortly before blastema emergence. Moreover, challenging
adult newts with skin allografts and limb amputations can
reciprocally delay or accelerate these processes. These data
are consistent with a role for the immune system in promoting regeneration. We suggest that some component(s)) of
natural immunity might contribute positively to regeneration
while elements of antigen specific immunity impede or block
events that might lead to regeneration.
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9:20

REGENERATION AND RfilNNERVATION OF EPIDERMAL
WOUNDS IN HUMAN SKIN

WR Kennedy, M Nolana, G Wendelschafer-Crabb, T Johnson
and E Tarnura, Neurology Dept., University of MN,
Minneapolis, MN 55455
A suction skin blister creates a superficial wound that
separates the epidermis and its innervation from the dermis
at the plane of the basement membrane. This study
characterizes the reappearance of nerve fibers in newly
formed epidermis after blister formation.
Five pairs of 2 mm suction blisters were made on the
forearm of 6 human volunteers. On days 0, 4, 6, 9, and 21 a 3
mm reblister and a 3 mm biopsy were collected from the
original blister sites. Samples were processed for
immunofluorescent localization of nerve with antibody to
protein gene product 9.5. Epidermal Nerve Fiber (ENF)
number per unit of epidermis and ENF length were measured
by computer-assisted quantification.
Full thickness reepithelialization occurred within 4 days.
Reinnervation of the regenerated epidermis occurred rapidly
by extension of neighboring ENFs or by branching of fibers
from the subepidermal neural plexus at the base of the
blister. Initial regeneration of ENFs in nascent epidermis
proceeded from the periphery of the blister area. Existing
ENPs adjacent to the blister site became oriented toward the
blister, developed growth cones, and lengthene<:I to enter
into the blister area. By 6 days the nerve fibers extended 200
µm into the blister area, by 9 days, ENFs extended 600 µm
Fewer fibers entered the epidermis from the underlying
subepidermal neural plexus. At 21 days ENFs were shorter,
had a more normal appearance and most originated in the
blister base.
This model may be useful to determine the capability of
ENFs of patients with polyneuropathy to reinnervate and to
judge the effects of putative therapeutic substances on the
process. Supported by NS 31397, Toray Industries, MN
Medical Foundation.

9:40

GUIDED NEURITE ELONGATION WITH MAGNETICALLY
ALIGNED COLLAGEN IN SIMULATED PERIPHERAL
NERVE REGENERATION

Narendra Dubey, •Paul C. Letourneau, and Robert T.
Tranquil/a, Departments of Chemical Engineering and
Materials Science and •cell Biology & Neuroanatomy,
University ofMinnesota, Minneapolis, Minnesota
Polymer tubes are currently being used clinically to promote
regeneration of severed nerves in cases where an irreducible
gap remains between the distal and proximal nerve stumps.
However, newly formed axonal processes must extend over
large gaps in typical injuries. Our main goal is to promote
this by directing the extension of neurites and to thereby
discourage formation of neuromas or other functional
impairments caused by misdirected neurite growth.
Our working hypothesis is that a major advance can be
made using a tube filled with a longitudinally-aligned
collagen gel to exploit the contact guidance response of
growth cones at the neurite tips. Further, the aligned collagen
gel could be easily seeded with Schwann cells and/or
polymer heads for controlled release of neurotrophic factors
so that neurite extension will be stimulated as well as
directed. A high strength magnetic field (4-9.4 Tesla) was
employed to align the collagen network during the self
assembly of type I collagen monomers (Vitrogen 100) into
fibrils, by exploiting their diamagnetic anisotropy. We
developed a novel in vitro nerve regeneration assay to study
neurite elongation into magnetically aligned collagen gel rods
from chick embryo DRG explants placed onto one end of the
rods. The depth of neurite elongation into these rod' was
found to be substantially higher than that observed in the
controls and increased with an increase in magnetic field
strength used (as did the collagen gel rod birefringence,
indicative of collagen fibril alignment). Co-invasion of
nonneuronal DRG cells was observed to increase and "lead"
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neurite elongation when conducting the assay with serum in
the medium.

10:00

CALCIUM-DEPENDENT STIMULATION OF
ENDOTHELIAL CELL MOVEMENT AND PROLIFERATION
DURING WOUND CLOSURE

Paul Sammak, Phuong Oanh T. Tran, Lee E. Hinman,
Gretchen M. Unger, Renee L. Bellrichard, Quoc-Huong P.
Tran, and Heidi A. Erickson, Department of Pharmacology,
University ofMinnesota, Minneapolis, MN 55455
Mechanical injury releases wound factors which rapidly
elevate intracellular calcium. Cell movement and proliferation
depend critically on these signals via at least two
mechanisms. The calcium transient stimulates lamellapodial
adhesion within minutes of wounding. Within an hour,
immediate early transcription factors are synthesized which
induce later gene transcription. Gene transcription is essential
for short-term cell motility after wounding. Subsequent
proliferation requires synergistic combinations of the
wound-induced calcium signal and exogenous growth
factors.
10:20 BREAK

10:40

AN .ABSENCE OF WOUND INSULIN DEGRADATION
PARALLELS IMPAIRED WOUND HEALING IN CM-INH
TREATED STEROID-TREATED AND DIABETIC RATS

C.F. Coulter, T.D. Glanzer, J.D. Shearer, and M.D. Caldwell,
Center for Wound Healing and Reparative Medicine, Dept. of
Surgery, Univ. ofMinnesota, Minneapolis, MN 55455.
Decreased insulin concentrations in late wound fluids (WF)
correlate with increased activity of insulin degrading enzyme
(IDE; EC 3.4.24.56), a highly conserved enzyme involved in
intracellular degradation of insulin. The role of IDE in
extracellular insulin degradation in the wound is not known.
We therefore investigated IDE's impact on wound healing by
selectively inhibiting IDE in normal wounds and by
evaluating insulin degradation in steroid and diabetes
impaired wound healing models. Insulin degradation was
inhibited by treatment with CM-Inh, a selective inhibitor of
IDE purified from the antibiotic bacitracin (from Dr. Leo
Kesner, SUNY-Brooklyn). Male Fisher rats (175-200g) were
anesthetized and wounded by subcutaneous implantation of
cellulose viscose sponges. Beginning on day 11 postwounding, sponges were injected daily with 100µ1 of 2mM or
5mM CM-Inh. On day 20, sponges were harvested and
hydroxyproline content was measured. Steroid impaired
wound healing was induced by subcutaneous implantation of
corticosterone pellets (200mg/rat) while diabetes was
induced by streptozotocin injection (75mg/kg) into the
jugular vein, Rats were wounded by subcutaneous
implantation of polyvinyl alcohol sponges. Scars and WF
were collected 14 days post-wounding and insulin concentration, insulin degradation, and wound breaking strength
were measured. CM-Inh treatment reduced hydroxyproline
content by 50% compared to controls (p < 0.05).

DAY 14
Control (Diabetic)
Diabetic
Control (Steroid)
Steroid-Treated

Breaking
Strength (g)
1024 .:!:. 60
643 .:!:. 106·
957 .:!:. 338
385 .:!:. 136•

Serum Insulin
(ng/ml)
2.15 + 0.29
0.17 .:!:. 0.09•
1.46 .:!:. 0.15
5.92 .:!:. 0_75•

WF Insulin
(ng/ml)
0.97 .:!:. 0.21
0.81.:!:. 0.24
0.81.:!:. 0.08
2.12 ±. o.;8•

Insulin
Degrading
Activity
(%Degradation/15min)
58.8 .:!:. 3.8
49.3 .:!:. 5.3
31.7 .:!:. 11.2
8.79 .:!:. 3_1•

*p < 0.05 versus control, t-test
Wound breaking strengths in both steroid-treated and
diabetic animals were significantly less than controls. Insulin
concentrations were low in serum and WF of diabetics but
insulin degrading activity in WF was not altered. Excess
steroids increased serum and WF insulin concentrations and
decreased insulin degrading activity. Reduction in wound
collagen content correlates with reduced wound strength.
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Inhibition of insulin degradation appeared to impair wound
healing in this model. In diabetes, WF insulin concentrations
were low presumably because of reduced delivery of insulin
to the wound. Insulin degradation also should be decreased
in diabetic wounds because of lack of insulin. In steroid
impaired wound healing, concentrations of insulin in serum
and WF were elevated but IDE activity was decreased. Taken
together, these results suggest that the absence of insulin
degradation (or production of fragments) is a common factor
related to impaired wound healing. Supported by NIH grant
GM32224.

11:00

DYNAMICS OF STRUCTURE AND FUNCTION OF
ffEPATOCYTE SPHEROIDS DURING SELF-AsSEMBLY

Linda K Hansen, JR Friend, CC Hsiao, GA Bridge, M
Tzanakakis, RP Remmel, FB Cerra, and WS Hu, Departments
of Chemical Engineering and Material Science, Laboratory
Medicine & Pathology, and Surgery, University of Minnesota,
Minneapolis, MN 55455
Hepatocytes self-assemble into multicellular spheroids when
cultured on a suitable surface in defined medium. This
assembly process may be reversed by transferring spheroids
to serum containing medium or to an adhesive surface.
Spheroids exhibit enhanced liver-specific function and a
more tissue-like ultrastructure compared to monolayers. The
assembly of specialized cell-cell junctions is demonstrated by
immunofluorescence, including co-localization of cadherin
and beta-catenin. In order to relate the development of in
vivo-like structure with enhanced differentiated function,
cytochrome P450 activity was measured in situ using confocal
microscopy to detect the fluorescent molecule resorufin, the
P450-mediated O-dealkylation product of 7-ethoxyresorufin.
Cytochrome P450 activity increased within individual cells as
they assembled into spheroids from a monolayer. Spheroids
were then transferred to a patterned surface of cell adhesion
molecules, which allowed for control of direction and speed
of disassembly. As spheroids disassembled, cells which
spread back into a monolayer lost their enhanced P450
activity, while hepatocytes remaining in the spheroidal
structure retained their enhanced activity. Transmission
electron microscopy revealed that spheroids developed
channels resembling bile canaliculi which may open to pores
seen on the surface of spheroids by scanning electron
microscopy. This appears to be a continuous network as seen
by diffusion of FITC-dextran through narrow channels
throughout the spheroid. The enhanced function and
tissue-like structure of spheroids make them an attractive
model system for investigating tissue self-assembly and drug
metabolism.

11:20 A FIBRIN GEL AsSAY FOR FIBROBLAST CHEMOTAXIS
David M. Knapp, Emelie F. Helou and Robert T. Tranquil/a,
Dept. of Chemical Engineering and Materials Science,
University ofMinnesota, Minneapolis, Minnesota
Fibroblastic cells interact with chemoattractants and
extracellular matrix (ECM) components during fibroplasia in
the early stages of wound repair. As such, gradients of
growth factors and ECM molecules released by neutrophils
and macrophages located in the wound stimtJlate fibroblasts
to invade the wound site. Quantifying the chemotactic
response of fibroblasts is therefore of key importance in
understanding repair. To this end, we have developed the
Fibroblast Populated Microsphere (FPM) Wound assay, an in
vitro assay for wound contraction, in which fibroblasts
compact and invade the core of a microsphere of fibrin gel in
response to a well-defined gradient of chemoattractant
directed radially outward from the core into the surrounding
shell, wherein the fibroblasts are initially dispersed. However,
it is preferable to assay chemotaxis in a fibrin gel that is not
contracting in order to simplify its characterization.
We present a 3-D fibrin gel assay for quantifying
fibroblast chemotaxis using a geometric design to constrain
diffusion of putative chemotactic factors through the gel. The
long-lasting chemotactic gradient in the gel allows
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slow-moving fibroblasts to orient and move up the gradient.
We report the chemotactic response of human fibroblasts to
soluble wound factors (e.g. the fibronectin peptide GRGDSP)
obtained by direct; Observation methods using time lapse
video microscopy and on-line image analysis. Guided by
measurements from the chemotaxis assay, we fabricated
sustained release polymer beads containing the
chemoattractant for application in the FPM Wound assay. We
present design parameters for generating long-lasting
chemotactic gradients in the spherical wound assay,
generated using a simple model for sustained release from
the polymer beads and diffusion of chemoattractant in the
FPM.

11:40

IDENTIFICATION OF CYCI.IN-DEPENDENT KINASE
INHIBITORS THAT ARE INvOLVED IN WOUND
HEALING

Rick Spielmann and Brett Levay-Young, Departments of
Laboratory Medicine and Pathology and Surgery, University of
Minnesota, Minneapolis, Minnesota
Wound healing involves many different cytokines,
extracellular matrix components, and cell populations. Cell
populations, including macrophages and fibroblasts, appear
and disappear in an ordered sequence
Cyclin-dependent kineses inhibitors (CDKis) are growth
inhibitory genes that are known to be growth factor sensitive,
transcriptionally controlled, and inhibit cyclin-dependent
kineses. Cyclin-dependent kineses are considered to be the
primary regulators through which cell cycle check points are
controlled. We have investigated by in vitro and in vivo
methods if there is an increase in expression of the CDKis in
partially healed wounds.
To determine whether the CDKis are up regulated we
use the PVA sponge model of wound healing and analyze
expression of the CDKI with RNA protection assays (RPAs).
Fibroblasts from partially healed wounds were cultured with
and without late day wound fluid and expression of the
various CDKis were compared. Also, in vivo sponges were
collected at various times after wounding and expression of
the various CDKis were compared. No CDKI mRNAs were
reproducibly increased by treatment with wound fluid in
vitro. There was a 150 fold increase of p57K1P2 message in
partially healed wounds when comparing RNA from a
sponge harvested on day one verses day fifteen after
wounding. This could be due to a change in the ~ponge
cellular profile or to· an increased expression of p57KiP 2 The
dominant cell population at day fifteen is the fibroblast and
control of p57l<ip2 expression could lead to limited scarring
and/or optimized wound healing.
Supported by PHS Grant NIGMS P0l-50150, DHHS
NOON

MODULATION OF THE PROGRESS OF REGENERATION
BY POLYPEPTIDE GROWTH FACTORS

Gehan H. Fahmy and Raymond E. Sicard, Department of
Zoology, Faculty of Science, Alexandria University,
Alexandria, Egypt and Center of Wound Healing and
Reparative Medicine, Department of Surgery, University of
Minnesota, Minneapolis.
Polypeptide growth factors likely play central roles in several
aspects of the process of regeneration. This study examined
the influence of growth factors on forelimb regeneration of
adult newts, Notophthalmus viridescens. Insulin like growth
factor-I (IGF-1), fibroblast growth factor-2 (FGF-2),
transforming growth factor-beta 5 (TGF-P5), and insulin were
administered by intraperitoneal injections. We found that
growth factors had significant effects on regeneration (p <
0.05). IGF-1 and FGF-2 promoted initiation of regeneration
buds emerged 8.3 ± 0.7 and 8.3 ± 0.6 days, respectively,
compared to 11.4 ± 1.1 days for controls. FGF-2 and TGF-P5
accelerated blastemal growth as the cone stage was reached
in 14.6 ± 0.5 and 15.8 ± 0.5 days' respectively, versus 16.5 ±
0.5 days for controls. Insulin accelerated progression to the
palette stage which was reached in 17.0 ± 0.7 days rather
than 19.0 ± 0.4 days for controls. These results suggest that
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FGF-2 and TGF-~5 may stimulate proliferation while insulin
may promote differentiation and histogenesis. Collectively,
these results demonstrate that specific growth factors can
affect the progress of regeneration. In addition, these data are
consistent with the notion that particular growth factors might
affect specific events of epimorphic regeneration.
(Supported by Egyptian Ministry of Higher Education
and Minnesota Medical Foundation;)

2:00

MORPHOMATRIX PROJECT: INvESTIGATIONS IN
REGENERATION AND TISSUE ENGINEERING

evolution of the circumferential mechanical stiffness, which
was found to increase dramatically over a 4 week incubation
period, A variety of approaches were used to elucidate the
origin of the increased stiffness induced by the constrained
compaction, including the treatment of MEs with inhibitors of
cell traction and collagen cross-linking mechanisms. SEM was
used to complement the mechanical testing.

2:40

TEMPORAL CHANGES IN GROWTH FACTOR
CONCENTRATIONS IN WOUND REPAIR AND SKELETAL
MUSCLE REGENERATION MICROENVIRONMENTS

Katsutoshi Yoshizato, Yoshizato MorphoMatrix Project,
ERATO, ]ST, and Department of Biological Sciences, Faculty of
Science, Hiroshima University, japan

Raymond E. Sicard and Wendy A Mand, Center for Wound
Healing and Reparative Medicine, University of Minnesota,
Minneapolis, MN 55455

The Yoshizato MorphoMatrix Project, which began in 1992 as
an activity of the Exploratory Research for Advanced
Technology supported by Japan Science and Technology
Corporation, has focused on exploring molecular and cellular
mechanisms underlying the phenomenon of biological
reconstitution of tissues and organs. Five research groups
were established to investigate (1) anuran metamorphosis, (2)
urodele limb regeneration, (3) rat liver regeneration, (4)
regeneration of rat hair follicles, and (5) artificial reconstitution of insulin-secreting bioskin. Major results from the
latter four areas will be introduced. Processes of biological
reconstitutions such as metamorphosis and regeneration
share basic mechanisms despite apparent macroscopic
differences. These include: proliferation and differentiation of
progenitor cells which play leading roles in each process and
remodel preexisting old tissues to new tissues; interactions
between epithelial and mesenchymal cells; and remodeling
of extracellular matrices. Valuable information, suggestions,
and hints can be deduced from studies of these biological
reconstitutions that might be used to develop technologies
for constructing artificial biotissues. Data on the expression of
metalloprotease genes in regenerating newt limbs will be
presented in relation to destabilization of cartilage cells which
might contribute to the emergence of progenitor cells for the
regeneration blastema. A novel culture technique will be
discussed that enables us to maintain efficiently liver
progenitor-like hepatocytes and hair papilla cells in long-term
culture without loss of biological function. Lastly,
experiments in which transplanted transgene (proinsulin)containing bioskin successfully improved blood glucose
levels and survival of diabetic mice will be discussed.

Injury is accompanied by marked changes to the local
environment, including both the diversity and availability of
bioactive substances. The nature of changes in repair and
regeneration microenvironments should differentiate them
and drives the ensuing events leading to final resolution. In
this study, we measured by enzyme-linked immunosorbent
assays the concentrations of transforming growth factors
beta-1 and beta-2 (TGF~l, TGF~2), basic fibroblast growth
factor (bFGF), and hepatocytc growth factor (HGF) in
interstitial fluids derived from wound repair and
regeneration-conditioned models. HGF was not detected in
either wound repair or muscle regeneration fluids. In
contrast, bFGF, TGF~l, and TGF~2 were readily detectable
between 1 and 20 days postinjury. The content of these
growth factors rose markedly after the first week. In
particular, when fluids from 1 - 7 day wounds were compared
with those from ~ 9 day wounds bFGF content was increased
5 - 15 fold and TGF~ content 2 - 14 fold. No treatmentrelated differences were seen with TGF~s. However, mean
bFGF content in regeneration fluid was three times greater
than in wound fluid (645 vs 224 pg/mL; p < 0.05) early after
injury (days 1 - 3). The concentrations of these growth factors
appear to provide a convenient index of postinjury age.
However, they appear to be poor indicators for discriminating between wound repair and regeneration.
(Supported by a grant from the Institute of General
Medical Sciences, N.I.H., GM50882)

2:20

CIRCUMFERENTIAL ALIGNMENT AND MECHANICAL
STIFFENING OF MEDIA-EQUIVALENTS

Timothy S. Girton, Victor H. Barocas, Theodore El. Oegema•
and Robert T. Tranquillo, Departments of Chemical
Engineering and Materials Science and •orthopaedic Surgery,
University ofMinnesota, Minneapolis, Minnesota
The need for a small diameter bioartificial artery is great,
especially for replacement of diseased coronary arteries
where vascular grafts based on synthetic polymers fail due to
thrombosis and/or intimal hyperplasia. Several groups are
investigating the concept of seeding endothelial cells onto
the luminal surface of a media-equivalent (ME), a tube of
reconstituted type I collagen populated by smooth muscle
cells (SMC). A common goal is to mimic both the mechanical
properties and architecture (i.e. strong circumferential
alignment) of the medial layer in the native artery.
We have -compared the circumferential alignment and
mechanical stiffness of MEs fabricated from rat aortic SMC
and Vitrogen 100 collagen with four methods: +/- magnetic
prealignment of collagen as it self-assembled (which in turn
induced alignment of the entrapped SMC; as they spread via
contact guidance) and +/- ME constrained compaction
around a nonadherent mandrel (in this case, compaction
induced by SMC traction also induced alignment of the SMC).
The trends in the measured evolution of cell alignment in all
four cases were well predicted using our anisotropic biphasic
theory of mechanical interactions in tissue-equivalents.
However, the theory makes no prediction about the
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POSTER SESSIONS~ WOUND REPAIR,
REGENERATION AND TISSUE ENGINEERING
LoNG-RANGE SURFACE EFFECTS ON THE ORIENTATION OF
MAGNETICALLY ALIGNED TYPE I COLI.AGEN GEIS FOR TISSUE
ENGINEERING

Theodore T. Tower and Robert T. Tranquil/a, Department of
Chemical Engineering and Materials Science, University of
Minnesota, Minneapolis, MN
Magnetically aligned type I collagen gels have been
fabricated by our lab for such tissue engineering applications
as a nerve regeneration conduit and an arterial media
equivalent. In order for these aligned gels to be effective (i.e.,
have the desired cell guidance attributes) in these
applications and account for observations, the gels'
orientation must be, in part, determined by the size and
geometry of the gel mold. In other words, the bounding
surfaces of the collagen solution have long range effects (on
the order of millimeters) on the ultimate spatial orientation of
the forming collagen fibrils. In the presence of a magnetic
field, collagen fibrils will orient, in theory, during the
self-assembly process, in the plane perpendicular to the
magnetic field. Bounding surfaces modify this planar
orientation at distances much greater than that expected by
fibril persistence lengths, which give rise to the
macroscopically observable alignment that makes the
aforementioned devices attractive alternatives. To better
engineer these collagen gel devices, an improved
understanding of the spatially varying orientation due to the
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bounding surfaces is necessary. Polarized light microscopy is
used to qualitatively index gel orientation by the natural
birefringence (an intensive property related to the molecular
orientation) of collagen. Through image processing and
curvefitting, the retardation (the related extensive property) is
determined at different distances away from a bounding
surface. Orientation maps as well as preliminary decay
functionalities are presented.
ANALYSIS OF CONTRIBUTIONS BY SPEOFIC GROWTH FACTORS
TO MITOGENIC PROPERTIES OF INTER.sTITIAL FLUIDS FROM
WOUND REPAIR AND SKELETAL MUSCLE REGENERATION
MICROENVIRONMENTS

Heidi Thorson, Wendy A Mand, Kari Pearson, and Raymond
E. Sicard, Center for Wound Healing and Reparative
Medicine, University ofMinnesota. Minneapolis, MN 55455
Interstitial fluids associated with repair and regeneration
microenvironments stimulate proliferation of fibroblasts and
myoblasts in vitro. Several growth factors which are known
mitogens for these cells are present in these fluids. However,
it is not known whether these factors actually promote
postinjury events or influence the direction of postinjury
resolution (i.e., repair or regeneration). The present study
explored the potential roles of the transforming growth
factors betas (TGFl}s), the insulin-like growth factors (IGFs),
and basic fibroblast growth factor (bFGF) as mitogens within
the postinjury microenvironment using an in vitro test system.
Proliferation of rat wound fibroblasts or neonatal rat (LS)
myoblasts was inferred from tritiated thymidine uptake. Cells
were challenged with wound (WF) or regeneration fluids
(RF) to define intrinsic mitogenic potentials of these fluids.
Contributions of growth factors of interest was assessed
either by performing assays in which neutralizing antibodies
were added during incubations with WFs and RFs or in
assays in which cocktails reproducing measured concentrations of these growth factors were used instead of WFs
and RFs. Neutralizing antibodies against IGFs tended to
reduce proliferation across the entire time course, however,
neutralizing antibodies against bFGF mildly reduced
proliferation in late, but not early, fluids. Growth factor
cocktails consistently failed to replicate the mitogenic
properties of the WFs or RFs that they mimicked.
Nevertheless, mild stimulation of proliferation was observed
occasionally. These results demonstrate that while TGFl}l,
TGFl}2 and bFGF are known mitogens for fibroblasts and
myoblasts in vitro, at the concentrations at which they occur
in repair and regeneration fluids, they are not mitogenic for
these cells. It, therefore, appears that the IGFs, TGFPs, and
bFGF are not the major promoters of proliferation of relevant
effector cells within the wound environment.
(Supported by a grant from the Institute of General
Medical Science, N.I.H., GM50882)

WATER QUALITY OF THE MINNESOTA RlvER
Friday, April 18, 1:00- 4:25 p.m.

Earle Brown Center 135B
1:05

DELINEATION OF AGROECOREGIONS FOR THE
MINNESOTA RlvER BASIN

A.P. Mallawatanti DJ. Mu/la, j.L. Anderson andj.F. Moncrief,
Dept. Soil, Water and Climate, University of Minnesota, St.
Paul
Agroecoregions are zones having unique soil, landscape,
hydrologic and climatic characteristics which confer unique
limitations and potentials for crop production, produce
unique pathways and potentials for non-point source
pollution and determine the likelihood for accelerated
adoption of management practices to control non-point
source pollution. The Minnesota River Basin is one of
America's 20 most polluted rivers from non-point sources. It
encompasses roughly 4 million ha in the most productive
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agricultural lands of Minnesota. Data layers for geologic,
landscape, hydrologic, soil and climatic characteristics of the
Basin were assembled and integrated using an EPPL7 GIS.
The Basin encompasses 27 distinct geomorphic classes
including various types of glacial outwash, till, and moraines
as well as lacustrine and allavial materials. Also present were
7 distinct soil steepness classes, and hydrologic soil
groupings. In addition, there was a strong gradient in mean
annual precipitation, with amounts ranging from 56 cm on
the western side of the Basin to 81 cm on the eastern side.
The basin was subdivided into 10 agroecoregions, on the
basis of these differences. Each of the twelve major
watersheds in the Basin encompasses at least two and as
many as six agroecoregions. For two of these watersheds,
examples will be given showing the distinct differences in
soil, landscape hydrologic and ecological characteristics that
can form the basis for an effective planning and policy
strategy to clean up the Minnesota River.

. 1:25

COMPARISON OF NITROGEN, PHOSPHORUS AND
SELECTED PESTICIDES IN THE MINNESOTA,
MISSISSIPPI AND ST. CROIX RlvERS, MINNESOTA
AND WISCONSIN, 1971-1994

Jim R. Stark, James 0. Fallon and Sherry E. Kroening, US
Geological Suroey
The US Geological Survey summarized nitrogen and
phosphorus data from 1984-93 from streams and selected
pesticide data from 1971-94 from streams and streambed
sediments from the Upper Mississippi River Basin.
Information obtained from data bases maintained by federal,
state and local agencies was analyzed as part of the work for
the Upper Mississippi River Basin study of the US Geological
Survey's National Water Quality Assessment. The analysis
focused on a 19,500 square mile area in the eastern portion
of the Upper Mississippi River Basin in Minnesota and
Wisconsin. The area includes the Upper Mississippi River
Basin from Royalton, Minnesota to the outlet of Lake Pepin,
the Minnesota River Basin from Jordan, Minnesota to the
confluence with the Mississippi River and the entire drainage
basins of the St. Croix, Cannon and Vermillion Rivers.
Concentrations and loads of nutrients and concentrations and
detection frequencies of selected pesticides in these rivers
and in selected tributaries were compared. Water quality data
were obtained from the Metropolitan Council Environmental
Services, the Minnesota Department of Agriculture, The
Minnesota Pollution Control Agency, the US Army Corps of
Engineers, the US Geological Survey and the Wisconsin
Department of Natural Resources.
Concentrations of total nitrite plus nitrate nitrogen and
total phosphorus generally were greatest in the spring in the
Minnesota River. The greatest nitrate and phosphorus
concentrations typically occurred during spring and summer.
Total nitrite plus nitrate nitrogen in all rivers generally were
below the primary drinking water standard of 10 mg/L
established by the US Environmental Protection Agency. Total
phosphorus concentrations in the Minnesota River generally
were above the 0.1 mg/L concentration recommended by the
US Environmental Protection Agency. Nitrogen and
phosphorus loading to the Mississippi River was
predominantly from the Minnesota River during periods of
high flow and from sources in the Twin Cities Metropolitan
Area during periods of low flow. In the Minnesota River, the
majority of the nitrogen load was primarily as total nitrite
plus nitrate nitrogen. Streams draining row-crop agricultural
areas (The Minnesota and Cannon Rivers') had the most
frequent detection of herbicides. Median and maximum
concentrations of atrazine, metolachlor and cyanazine were
greatest in July. Detection frequencies of organochlorine
insecticides in the Minnesota River were greater in the reach
within the Twin Cities Metropolitan Area than on the reach
immediately upstream of the area.
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1:45

LoNG TERM LOADS AND TRENDS IN SEDIMENT AND
PHOSPHORUS IN TIIE MINNESOTA RlvER BASIN

2:25

AP. Mallawatantri, DJ Mu/la and M. Seeley, Dept. Soil, Water
and Climate, University ofMinnesota, St. Paul
Monthly median loadings from March to August for Total
Suspended Solids, (TSS), Total phosphorus (TP), and
biochemical oxygen demand (BOD) in the 12 major
watersheds of the Minnesota Basin generally increased from
west to east along a gradient of increasing precipitation and
towards agroecoregions containing more acres of highly
erodible land. The Lower Minnesota watershed produced the
greatest loads for TSS and TP of any watershed with 26% of
the total Basin wide load of TSS and 32% of TP. The Lower
Minnesota, Le Sueur and Blue Earth watersheds combined
produced 64% of the total-basin-wide load and 64% of the
TP. The analysis showed significant loadings from the less
intensively farmed urban edge portion of the Lower
Minnesota watershed downstream of Jordan. Only about 26%
of the TP loadings in the Lower Minnesota watershed were
attributable to the Blue Lake and Seneca wastewater
treatment plants. Our analysis of loads showed significant
reductions in sediment and phosphorus loads during the
month of June from 1974-1994 after compensating for
seasonal and annual variations in climate. The magnitudes of
the reduction at the Minnesota River at St. Peter were an
annual decrease of 2666 metric tons in -total suspended solids
(2.9%/yr reduction) and 3 metric tons total phosphorus
(1.5%/yr reduction). The majority of these reductions at St.
Peter could be attributed to reductions in loading of total
suspended solids and total phosphorus originating in the
Blue Earth and Le Sueur watersheds. The reasons for these
reductions will be discussed.

2:05

NUTRIENT CONTENT OF TILE DRAINAGE IN IBE
MINNESOTA RlvER BASIN AS AFFECTED BY CROP AND
SOIL MANAGEMENT

Gyles W. Randall, University of Minnesota, Southern
Experiment Station, Waseca
Most of the highly productive soils within the Minnesota
River Basin are high in organic matter, fine textured and
poorly drained. Artificial subsurface drainage systems (tiles)
remove the excess water from the soil profile and transfer it
to surface water bodies (ditches, streams, rivers and lakes).
This practice enhances crop root growth, produces greater
crop yields and profits, and reduces production •risks. Nitrate,
a mobile form of nitrogen, is present in all tile drainage in
Minnesota; but, nitrate concentration in the water is highly
dependent on crop and soil management. Nitrate-nitrogen
concentrations and loadings in tile drainage from row crops
(i.e., corn and soybeans) are much greater than from
perennial crops (i.e., alfalfa and CRP grasses). Nitrate
nitrogen losses are highly influenced by rate of nitrogen
application, whereas, nitrogen source, time of application
and tillage system have a lesser effect. Very high
concentrations of nitrate nitrogen can be found in drainage
water from these unfertilized soils if they are not cropped to
remove nitrate formed through soil mineralization. On the
other hand, phosphorus may be found in very low
concentrations or at less-than-detectable levels and is not of
large concern unless surface tile intakes are present. These
intakes serve as a conduit for direct transport of surface
runoff, which can contain particulate P and dissolved P, into
surface water bodies. Implementing nutrient, soil and crop
BMP's is vital if the nutrient content in subsurface drainage
water ·is to be minimized.
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INFLUENCE OF RESIDUE MANAGEMENT Till.AGE
SYSTEMS WITH SOLID BEET MANuRE APPLICATION
ON SNOW MELT AND ANNuAL RUNOFF, SEDIMENT
AND PHOSPHORUS LossES

D Ginting,, J.P. Moncrief", S.C. Gupta, and S.D. Evans,
Department of Soil', Water, and Climate and West Central
Experiment Station, University ofMinnesota. Saint Paul, MN
Tillage systems for crop production in the Minnesota River
Basin that leave crop residues on the soil surface for erosion
control is seen as a major control measure for minimizing
pollutants from agricultural sources. One of the challenges in ·
utilization of solid manure sources with these systems is
deciding on the optimum amount of soil tillage to
incorporate manure for enhanced nutrient value but leave
enough crop residues for reduction of erosive losses. Soil test
P levels are also high near the soil surface when tillage for
incorporation is reduced. This study was conducted to
evaluate the impact of tillage system in combination with a
one time application of solid beef manure on annual runoff
and sediment loss from 1992 to 1994 at Morris, MN. The
treatments were fall moldboard plowing followed by spring
field cultivation (MP) and ridge till (RT, two row cultivations)
with or without manure (56 Mg manure ha-1 with 161 kg P
ha-1 in the Spring of 1992) . The crop was continuous corn
(Zea mays L.). Surface runoff and the associated sediment as
well as total P (TP), particulate P (PP), and dissolved
molybdate reactive P (DMRP) were measured from runoff
plots on an annual basis. The soil had a uniform 12 % slope
and easterly aspect. The manure application resulted in an
increase in soil test P of 10 to 17 and 16 to 25 mg P kg-1 for
the MP and RT treatments, respectively. For the RT plots, the
main source of annual runoff was snow melt, whereas in the
MP plots it was rainfall. Snow melt runoff was the main
source of annual TP, PP, and DMRP in RT plots whereas in
the PL plots it was rainfall runoff. Laboratory extraction
studies with corn residue and nylon bag studies in the field
suggests that most of the snow melt P losses with the RT
treatment were leached from corn stover. On an annual basis
TP was still 2-7 times higher with the MP compared to the RT
system, The PP was 4-8 times higher and DMRP losses were
similar. Manure application reduced annual runoff and
sediment loss 50 and 71 %, respectively.
2:45BREAK

3:05

MINNESOTA
TRADING

RlvER MANAGEMENT FROM TMDL TO

Wayne P. Anderson, Water Quality Division, Minnesota
Pollution Control Agency
Management of water quality in the Minnesota River has
evolved from analysis and management of point sources to
include integrated watershed assessments and planning,
resulting in better targeting of pollution control programs.
Reliance on regulatory command and control is shifting to
increasing emphasis on shared goals and situational alliances
built around environmental outcomes. A description of the
activities and the tools and information needs to implement
these new strategic approaches will be discussed.

3:25

FACTORS AFFECTING FARM MANAGEMENT DEOSIONS

Lowell Busman, Minnesota Extension Seroice
Farmers and landowners are continually faced with decisions
that may potentially affect the environment. Management
decisions are generally based on potential for profit,
minimization of risk, personal goals, protection of their health
and safety, and protection of the environment. Often the
general public and management agencies want farmers to use
management practices that have been shown to protect
natural resources. Promoting the adoption of these
management practices is a challenge that faces most
government agencies. Farmers obtain new information for
making management decisions from sources such as
magazines, dealers, consultants, neighbors, governmental
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institutions and agencies, but rely most on private sources of
information. Some new management practices, e.g., variable
rate technology) at times are very quickly adopted by
farmers. Other management practices are quite slowly
adopted possibly due to potential risks, personal preferences
and the perception that present practices are not damaging
the environment. Various means of promoting management
practices need to be examined, including providing
information and demonstrating practices on sites with
conditions similar to their own fanning situations; linking
early adopters with neighbors; recognition of producers using
good practices and involving dealers, consultants and media
personnel in the development of an educational program. It
is important in any effort promoting particular management
practices to determine factors that are preventing adoption,
actions needed to overcome barriers to adoption, the
potential role of incentives and/or regulation, and cost
effectiveness of promoting and implementing these practices.

3:45

l..oCAL SCALE DECISION MAKING ON TIIE LANDSCAPE:
TIIE ROLE OF COALITIONS OF PEOPLE AND
ORGANIZATIONS

Steve Hansen, Minnesota River Basin joint Powers Board
Land management decisions are taken at the local level;
individuals decide on management practices, lands to be
managed in certain ways and management goals for each
parcel of land. Society as a whole has goals for large scale
landscapes such as river basins or regions. Local goals might
include a rate of productivity for a crop, a viable and
sustainable income, respect from one's neighbors, and the
perception that environmental impacts are within acceptable
bounds. Societal goals might include clean water, fishable
and swimmable rivers, compliance with established norms
(e.g., state and federal laws). There is a potential conflict
between local and societal goals; local coalitions have proven
to be an effective way to get the views of society and the
goals of the local decision maker together in one forum. The
Coalition on the Minnesota River has developed a wide
variety of innovative practices for involving local people,
community groups and state level agencies in both informal
settings and formal discussions. The goal of the interaction
has been more effective and participatory decision making
and a greater sense of community. There are now several
thousand individuals and nearly 50 formal organizations
involved in the coalition. It stands as a model for ways to
link decisions to their implications. It also suggests that
decision making is strongly influenced by momentum and
tradition. There is a need for clear communication among all
parties but also a clear understanding that decisions are risk
based (i.e., they are intended to minimize risk) end therefore
will change slowly.

4:05

SYNTHESES: IF INFORMATION ON WATER QUALITY
CONDmONS AND MANAGEMENT IMPACTS CONSTRAINS
DECISION MAKING, WHERE DO WE GO FROM HERE?

Jim Peny, University ofMinnesota
This paper will present a synthesis of the material presented
during the symposium, with the intention of addressing the
question "Where is decision making constrained by the lack
of information about water quality conditions?"
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